Introduction
Urmia Lake is the 20th largest lake in the world. The surface area of this salt lake varies between 2300 to 6000 km 2 (Figure 1 ) for two main reasons. First, its hydrology largely depends on precipitation in the catchment area. Secondly, extremely gentle slopes of its marginal plains lead to inundation of large areas even by small water level rises. The average altitude is 1274 m above sea level and the salinity ranges between 120 g/L and more than 300 g/L. 102 islands have been recorded in this lake. Today, only the Islami (Shahi) Peninsula is inhabited by humans, but the "Limit of the World from the East to the West"-the oldest Persian geography book-written by anonymous author(s) in 982 A.D., described Kaboudan Island as suitable for human settlement [1] . Contrary to widespread opinion, Urmia Lake is a second hypersaline lake with an active food web compared to the Dead Sea (with a salinity of >340 g/L), which includes bacteria, archaea, algae, protozoa and ciliates [2] [3] [4] . Urmia Lake is saltier than the Aral Sea (>100 g/L) [5] and Karabogaz Gol (40−100 g/L in the deep zone, 170−250 g/L in the northwest and southwest parts of the bay) [6] . The lake hosts diverse bacterial communities, hyperhalophilous phytoplanktons, and notably the macrozooplankton crustacean, the brine shrimp Artemia urmiana. Thus, with regard to its ecological significance, unique biodiversity and the presence of indigenous communities, Urmia Lake has been recognized as a Protected Field since 1967 and was designated as a National Park in 1976 as one of 59 biosphere reserves by UNESCO [7] . In 1975, it was also registered in the Ramsar Convention on Wetlands as a wetland of international importance [7] . Although the lake is a UNESCO biosphere reserve, several development projects have had detrimental consequences for biodiversity.
The lake is divided into north and south parts, separated by a dike-type causeway, which has a small gap (1400 m) that allows a limited exchange of water between the two sides [7] (Figure 1 ). About 35 dams have been built on 21 permanent rivers flowing to the lake [8] , which restrict the influx of fresh water. In the last decade, Urmia Lake has been affected by a transformation in the hydrological regime, due to climate instability and the construction of dams [9] . Water resource development projects are diverting enormous quantities of fresh water and preventing a replenishment of lake water, which is lost to evaporation [10] . The intensive development of agriculture during the last decades and the resultant over-exploitation of groundwater have also deprived the lake of one of its main water input resources.
A progressive drought has caused fundamental changes in the physio-chemical composition of the lake-the salinity exceeds >300 g/L, the surface area has decreased to less than 2366 km 2 , the lake level has decreased to 1271 m, the volume of water has decreased from 42 to 22 billion m 3 between 1995 and 2010, and the water depth has decreased to 6 m, whereas reservoirs of dams have increased from 1.624 billion m 3 to 3.568 billion m 3 [9, 11, 12] .
Climate and anthropogenic alterations are recognized as crucial factors in population declines and even the risk of extinctions in most ecosystems [13, 14] . A decrease of population density would ultimately limit dispersal, as well as gene flow, among populations. This will eventually lead to the loss of genetic diversity [15] . On the other hand, an increased rate of dispersal can also disturb local genetic adaptation [16] . At present, the severe drought which happened in 2003-2004 is jeopardizing the biodiversity of the lake [17] .
In this review, we have summarized the available information on the biodiversity of the lake ranging from bacteria and fungi to plants and animals. Apparently, the existing information is incomplete and more detailed future studies are required for a complete inventory of the biodiversity of Urmia Lake.
Archaebacteria and Bacteria
Urmia Lake harbours a diverse group of bacterial species (Table 1) . Two pathogenic bacteria Clostridium perfringens and Enterococcus faecalis have been identified in the lake water and particularly in the estuary sediments. As these bacteria constitute the natural flora of the human digestive tract, their presence in the lake water and sediments suggests that they have originated from the inflow of urban waste water into Urmia Lake [18, 19] .
In Urmia Lake, the muds contain green sulphur-bacteria, purple sulphur-bacteria and ferro-bacteria [19, 20] . Halophilic archaebacteria can usually synthesize red and pink pigments in response to environmental stress [21] [22] [23] . During the summer of 2008, the water of Urmia Lake around Kaboudan Island changed from blue, its normal colour, to red [24] . This was the first report of this event that may be attributed to the bloom of Archaebacteria or of Dunaliella or both (see [25] ). 
Microfungi
Fungi are a large group of eukaryotic organisms with worldwide distribution, inhabiting a diverse range of extreme habitats from deserts to hypersaline environments [43] . Investigations of the distribution of fungi in extremely hypersaline environments are rare. Numerous fungi have been identified from Artemia cysts and hypersaline water. Fungal contamination of Artemia cysts is possibly one of the important reasons for their reduced hatchability, and therefore one of the main problems in cyst processing and culture [44] . Twelve fungi have been reported in some halophytes and glycophytes of islands and also from the western shores of Urmia Lake [45] . A list of fungi species from Urmia Lake is presented in Table 2 . A. fumigatus [44] A. niger [44] Penicillium P. chrysogenum [46] P. polonicum [46] sp. [44] Sordariomycetes Hypocreales Nectriaceae Fusarium F. incarnatum [44] sp. [44] Microascales Microascaceae Scopulariopsis sp. [44] Glomeromycota Glomeromycetes Diversisporales Acaulosporaceae Acaulospora sp. [45] Glomerales Glomeraceae Glomus G. aggregatum [45] G. clarum [45] G. clavisporum [45] G. constrictum [45] G. coremioides [45] G. etunicatum [45] G. fasciculatum [45] G. fecundisporum [45] G. geosporum [45] G. microaggregatum [45] G. mosseae [45] G. verruculosum [45] Zygomycota 
Phytoplankton
The algal flora of Urmia Lake was studied by Plattner in 1960 [47] , who reported Enteromorpha intestinalis as a macroscopic alga [18, 20] . E. intestinalis produces considerable amounts of β-carotene, a red-coloured carotenoid with antioxidant properties [20] . Urmia Lake contains a diverse assemblage of phytoplankton species, with Dunaliella as the major species (more than 95% of the total phytoplankton in number) and an important fraction of diatoms such as Navicula and Nitzschia [31] . Dunaliella is a green halophilic alga which bears two flagellates and produces high amounts of β-carotene. This phytoplankton is the major food source for Artemia in the Urmia Lake. It seems that phytoplankton populations in the lake benefit from the increased salinity that has reduced the number of other species and favoured the dominance of Dunaliella. Usually, in the early spring, especially in Golmankhane Port, a bloom of Dunaliella occurs near the shore line which changes the water colour to yellow (see [48] ). A current list of phytoplankton composition in Urmia Lake is given in Table 3 . 
Land Plants
Because of the diversity of soils and topography, Urmia Lake islands possess a diverse flora. Table 4 shows the checklist of plants in the Urmia Lake National Park. The halophilous vegetation around Urmia Lake displays an interesting gradient of salinity-tolerance, ranging from annual obligatory hygro-halophytic communities on lake marshes dominated by Salicornia spp. up to hydrophytic communities dominated by Alisma plantago-aquatica. The latter species grows on the margins of salty and brackish water marshes where the fresh groundwater dilutes the salt contents of the soil [49, 50] . The constant occurrence of plant communities in this habitat may suggest that salt-water inundation plays the main role in plant distribution. Inundation seems to act mainly through increasing soil moisture and affecting soluble salt contents to levels suitable for life.
Several cryptic species in the area still need to be identified. This is the case for a rare liverwort Riella aff. cossoniana, whose spores have only recently been discovered in ancient and recent sediments of the lake [50] . 
Brine Shrimp Artemia
The brine shrimp Artemia (Crustacea: Anostraca) is a small crustacean adapted to hypersaline habitats, of Urmia Lake. It was first reported from the lake in 982, more than one thousand years ago [54] . In Curzon's published work "Persia and the Persian Question" (1892, Volume i, p. 533), he described Artemia as a species of small "Jelly-Fish" [55, 56] . In the first reports of A. Günther and R.T Günther, it was interpreted as a "Medusa", "a species of Branchipus" [57] and "the Artemia group of varieties of the Branchipus type" [58] . Finally, Günther pointed out that this bisexual species belongs to the genus Artemia [59] (p. 509), and the species was nomenclatured as Artemia urmiana [60] (p. 395). Barigozzi et al. (1987) [61] reported the existence of only parthenogenetic populations of Artemia based on a single sample from Urmia Lake. However, another study of Artemia cysts (which are encysted gastrula embryos) collected from the western shore-line of Urmia Lake in 1987 revealed that Urmia Lake has both bisexual and parthenogenetic populations in the surrounding lagoons, especially on the western shore of the lake [62] . Sediment cores suggest that parthenogenetic populations of Artemia have lived in Urmia Lake for at least 5000 years [11] ; however, the oldest remains of Artemia that have been recovered from a sediment core from this lake are 200,000 years old [63] . The two parthenogenetic Artemia populations from the Urmia Lake basin (those in the coastal lagoons and interior of the lake) have been tentatively attributed to two morphotypes that are not yet completely separated [64] . Several studies have shown that biometrical, morphometrical and genetic variations exist in A. urmiana [65] [66] [67] . The results indicate that ecological speciation is an ongoing process in Urmia Lake [67] .
Brine Fly Ephydra
The brine fly Ephydra urmiana (Diptera: Ephydridae) has been described by R.T. Günther near the margin of the Urmia Lake (the mouth of the Nazlu Chai (Nazlu River) at Superghan [Suporqun]) [68] (p. 415). Breeding and feeding of E. urmiana totally depends on the lake. Eggs of the genus Ephydra are attached to an algae mat [69] . The main food sources of adults and larvae are algae, some bacteria, and protozoa [70] [71] [72] . Nemenz [73] had observed adults of Ephydra cinerea feeding on masses of algae washed ashore at the Great Salt Lake in Utah, USA.
Land and Freshwater Molluscs
The biodiversity of molluscs is documented in Table 5 . 
Birds
The islands, beaches, and lagoons of Urmia Lake are excellent habitats for resident breeding species and winter visitors. Several species which love saline lakes with a rich food source, such as flamingos, terns, gulls and waders, are typical residents or migrants to Urmia Lake. Table 6 lists the birds of Urmia Lake National Park basin and surrounding regions, a list which is apparently incomplete, especially for migrant species. 
Amphibians and Reptiles
The Urmia Lake area harbours several amphibian and reptile species (Table 7) . Amphibian and reptile communities might be faced with a possible threat of extinction due to unsuitable ecological conditions in Urmia Lake. Special care should be taken to maintain these species in the lake. 
Mammals
Some Armenian sheep, Ovis orientalis gmilini, were transferred to Kaboudan Island in 1895 and 1906 by one of the governors of Azerbaijan [84] . In 1970 and 1971, in order to control the population of Armenian sheep, two leopards, Panthera pardus, were introduced on Kaboudan Island; however, their corpses were found in 1982. During 1993, 49, and in 1995, 98 Armenian Sheep were transferred from Kaboudan Island to the Islami Peninsula [51, 75, 85] .
Fifty-two Persian yellow deer, Dama dama mesopotamica, were transferred to Ashk Island between 1977 and 1989. Also in 1989, six of these deer (three males and three females) were introduced to Kaboudan Island in order to study their ecology [51, 75, 85] . Table 8 lists the Mammals of Urmia Lake National Park. 
Hidden Biodiversity
Our knowledge of the biodiversity of a given area or ecosystem is based on the species already discovered and described by biologists. However, the list of plants and animals is subject to change in that new species are discovered in the field, taxonomic revisions based on the application of molecular techniques are carried out, or both.
The case of Riella aff. cossoniana, whose spores have only recently been discovered in ancient and recent sediments of the lake, is worth mentioning [50] . Riella is a liverwort extremely rarely encountered in the field, owing to the very particular ecological conditions needed for the germination of its spores. In Urmia Lake, the spores of this liverwort have been documented in the sediment archives since about 200,000 years ago, and they are also found in recent sediments, showing that the plant is still thriving in brackish water ponds and springs around the lake. However, despite its presence in sediments of salt lakes in many salt and brackish water wetlands, this plant has never been documented in Iran by botanists [50] . Today, Riella is considered an endangered plant in many places in semi-arid regions of the world (e.g., [86] ). The above example indicates that the conservation of aquatic ecosystems around the lake is of primordial importance for the conservation of such hidden components of the biodiversity.
Urmia Lake Hydrological Variations and their Impact on the Biodiversity
Palaeoecological and geochemical investigations of long sediment cores from Urmia Lake have revealed that lake levels underwent dramatic changes during the glacial-interglacial cycles of the Quaternary period [17, 50, 87] . Based on the total thickness of the fluvio-lacustrine infill of the Urmia Lake basin, as revealed by geophysical explorations and the dated 100-m long core samples taken from the central basin, the age of the lake can be grossly estimated at >600,000 years. Pollen evidence shows that the aquatic vegetation composition and density has greatly fluctuated in response to these hydrological changes during the last 200,000 years. The most important development of aquatic vegetation took place during glacial, rather than interglacial periods (see Figure 8 in [88] for details). During the Last Glacial (70 ka to 17 ka) and Penultimate Glacial (190 ka to 130 ka), numerous time intervals with extensive development of fresh-to brackish water macrophytic vegetation may be observed. These periods have been interpreted as high lake levels during which the lake chemistry became considerably less saline [50] . Although the glacial periods are known as periods with a significant loss of biodiversity, they were times of a more diversified plant and most probably animal life within the lake and in its associated ecosystems. The presence of several peaks of brackish to fresh water dinoflagellates and Pediastrum (green alga) indicate that the algal life also increased in response to the dilution of lake water [17, 50, 87, 88 ].
Conclusions
The biodiversity of Urmia Lake is impressive, even if the species inventory is far from being complete. More and detailed studies, probably including the use of DNA barcoding, are needed to document the composition of this hypersaline lake, which faces the threat of vanishing. Saline lakes provide a fragile environment which needs careful protection to avoid the extinction of highly adapted species. Palaeoecological evidence clearly shows that dramatic lake level fluctuations have always been part of the lake's history and have modulated the diversity and dynamics of microbial plant and animal life in the lake. The recent environmental crisis of Urmia Lake is not an excuse to intervene in such a fragile ecosystem. Wiser restoration strategies should be selected in such a way as to minimize the artificial interventions in the lake and associated ecosystems.
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